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Prototypical three-dimensional (3D) topological Dirac semimetals (DSMs), such as Cd3As2 and
Na3Bi, contain electrons that obey a linear momentum-energy dispersion with different Fermi ve-
locities along the three orthogonal momentum dimensions. Despite being extensively studied in
recent years, the inherent Fermi velocity anisotropy has often been neglected in the theoretical and
numerical studies of 3D DSMs. Although this omission does not qualitatively alter the physics of
light-driven massless quasiparticles in 3D DSMs, it does quantitatively change the optical coefficients
which can lead to nontrivial implications in terms of nanophotonics and plasmonics applications.
Here we study the linear optical response of 3D DSMs for general Fermi velocity values along each
direction. Although the signature conductivity-frequency scaling, σ(ω) ∝ ω, of 3D Dirac fermion
is well-protected from Fermi velocity anisotropy, the linear optical response exhibits strong linear
dichroism as captured by the universal extinction ratio scaling law, Λij = (vi/vj)
2 (where i 6= j
denotes the three spatial coordinates x, y, z, and vi is the i-direction Fermi velocity), which is inde-
pendent of frequency, temperature, doping, and carrier scattering lifetime. For Cd3As2 and Na3Bi3,
an exceptionally strong extinction ratio larger than 15 and covering broad terahertz window is re-
vealed. Our findings shed new light on the role of Fermi velocity anisotropy in the optical response
of Dirac semimetals and open up novel polarization-sensitive functionalities, such as photodetection
and light modulation.
PACS numbers: 78.20.-e;78.20.Bh;78.20.Ci
I. INTRODUCTION
In recent decades, significant effort has been dedi-
cated to the study of topological insulators (TIs) and
low-dimension semimetals like graphene. In the low-
energy limit, the electrons occupying these exotic ma-
terials obey relativistic, Dirac-like hamiltonians. Their
behaviour as pseudo-massless particles confers these ma-
terials unique optical properties such as high EM field
confinement [1–4] and strong optical nonlinearity [5–
16], making them desirable for uses like table-top gen-
eration of high-brightness coherent radiation spanning
from the X-ray to the terahertz regimes through mech-
anisms such as free-electron-graphene plasmon scatter-
ing [17, 18], high-harmonic generation [19–22], and tran-
sition radiation [23], and also as saturable absorbers for
infrared ultrafast lasers [24–27].
Recently, a new class of quantum materials which be-
have like bulk analogues of graphene have also attracted
significant attention – 3D Dirac semimetals (DSMs). Un-
like their TI counterparts which possess only conducting
surface states, 3D DSMs are also conducting in the bulk.
The dispersion of 3D DSMs are formed from a superpo-
sition of two Weyl cones of opposite chirality [28, 29].
Each Weyl cone is linearly dispersing in all three mo-
mentum directions and is doubly-degenerate at a single
∗ ricky ang@sutd.edu.sg
† yeesin ang@sutd.edu.sg
band-touching point (Weyl node). Hence, the energy
bands are doubly-degenerate for all momenta except at
the Dirac point, where a four-fold degeneracy arises from
the overlap of two Weyl nodes. Topologically unpro-
tected Dirac points may occur at a quantum critical point
in the phase transition between a TI and a normal insu-
lator [30–36] or between weak and strong TIs [37]. Some
Dirac points are guaranteed by virtue of crystal sym-
metries [29, 30, 38, 39] and unlike graphene, are robust
against spin-orbit interaction-induced gapping. These
stable Dirac points have been predicted in materials like
BiO2 [38] and A3Bi (A = K, Rb) [29], and experimentally
detected in Cd3As2 [40–42] and Na3Bi [43, 44].
As the electrons in 3D DSMs also possess linear disper-
sions, they have been expected to exhibit qualitatively-
similar field response to graphene [21, 45]. Hence, for ap-
plications where the properties of graphene are desired in
bulk materials, 3D DSMs present themselves as natural
candidates [40, 44, 45]. For instance, Cd3As2 [46–48] has
been shown to perform well as saturable absorbers in the
mid-IR regime [49] owing to its strong broadband light-
matter interaction [50, 51], much like graphene. However,
they can be realized as optical thin films [51, 52], en-
abling application of conventional semiconductor meth-
ods for parameter control [51]. Recent exciting exper-
iments have also demonstrated generation of terahertz
radiation up to the 3rd [53] and 7th [54] harmonics, and a
theoretical study predicted generation of harmonics be-
yond the 31st order [? ] with conversion efficiencies far
exceeding high-harmonic generation (HHG) in graphene
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2by virtue of a finite interaction volume. For these reasons,
3D DSMs are attractive candidates for novel nanopho-
tonic and nanoplasmonic applications or as viable alter-
natives to graphene. With increased exploration into the
potential applications of 3D DSMs, a theoretical under-
standing of how Dirac physics determine the linear and
nonlinear optical properties is crucial. The slope of the
linearly dispersing Dirac conic band structure around the
nodal band touching point is commonly referred as the
Fermi velocity, which serves as an important velocity-like
parameter that characterizes the electronic band struc-
ture of Dirac materials. While a few works [45, 55, 56]
have provided a theoretical treatment for the linear opti-
cal response of a 3D Dirac dispersion, none have studied
effects of the pronounced anisotropy between the Fermi
velocities along different directions – a property inher-
ently present in 3D DSMs which have been discovered so
far, on the linear optical response. As such, it is crucial
to include these effects and examine if these anisotropies
can be exploited for novel applications.
In this work, we derive the linear interband and intra-
band conductivities using the Kubo formula. We use a
Hamilonian which describes arbitrary Fermi velocity val-
ues in each direction, taking us beyond previous works
which were restricted by the isotropic dispersion. In ob-
taining our expressions for the dynamic conductivities in
each direction, we find that both the intraband and inter-
band conductivities of 3D DSMs scale as σii ∝ vi/(vjvk),
where i, j, k ∈ {x, y, z}, i is the direction parallel to the
incident light polarization, and j and k are the direc-
tions perpendicular to the incident light polarization.
Additionally, we show that the anisotropy between the
response of the i and j directions exhibits the analyti-
cal universal scaling relation for the optical conductivity,
σi/σj ∝ (vi/vj)2.
For realistic 3D DSMs such as Cd3As2 and Na3Bi, this
anisotropy ratio can exceed an order of magnitude, em-
phasizing the importance of including anisotropy in opti-
cal calculations. More intriguingly, the optical extinction
ratio reaches 15.8 and 19.2, respectively, for Cd3As2 and
Na3Bi, which is substantially higher than vast majority
of anisotropic optical materials previously reported (see
Table II below). Importantly, such optical anisotropy
covers a broad terahertz (THz) windows of sub-THz to at
least 50 THz and is insensitive to temperature and defect
scattering effects. Our findings thus reveal the nontrivial
role of anisotropic Fermi velocities on the optical response
of 3D DSMs and the previously unknown potential of
3D DSM as an exceptionally strong and ultra broadband
anisotropic optical material. These results shall form the
harbinger for the designs of novel polarization-sensitive
nanophotonic, chip-integrable plasmonic and optoelec-
tronic platforms for wide-array of applications such as
optical switching, photodetection, energy conversion and
light modulation.
II. THEORY
Close to the Dirac point, an electron within a 3D Dirac
semimetal (DSMs) with momentum p = (px, py, pz)
obeys the following low-energy effective Hamiltonian:
Hˆp =
∑
i
vipiσi (1)
where i ∈ {x, y, z} are the Cartesian components, and σi
and vi are the Pauli matrix and the Fermi velocity aligned
along direction i respectively. The Hamiltonian admits
eigenenergies Ep = ±
√
v2xp
2
x + v
2
yp
2
y + v
2
zp
2
z, where the
positive (negative) branch represents the conduction (va-
lence) band energies. The wavefunction of an electron in
band s ∈ {c, v} in the plane wave basis normalized over
bulk volume V is:
Ψp,s =
eik·r√
V
Φp,s (2)
where r is the position vector and k = p/~ is the crystal
momentum vector. The spinor component for band s,
Φp,s, reads:
Φp,c =
[
cos(θ/2)e−iφ/2
sin(θ/2)e+iφ/2
]
(3a)
Φp,v =
[
sin(θ/2)e−iφ/2
− cos(θ/2)e+iφ/2
]
(3b)
The angles θ = arccos(qz/qr) and φ = arctan(qy/qx)
are defined in scaled momentum space coordinates q =
(vxpx, vypy, vzpz). Note that the radial component qr =
|Ep |. The “c” (“v”) subscripts denote the conduction
(valence) band wavefunctions. We compute the i, j ele-
ment of the linear conductivity tensor using the Kubo-
Greenwood formula:
σij(ω) =
ge2~
iV
∑
p,p′,s,s′
[
fD(Ep,s)− fD(Ep′,s′)
Ep,s − Ep′,s′ ×
〈p, s|vˆi|p′, s′〉 〈p′, s′|vˆj |p, s〉
Ep,s − Ep′,s′ + ~(ω + i0+)
] (4)
where g is the combined spin and valley degeneracy,
fD(Ep,s) is the Fermi-Dirac distribution, vˆi = ∂Hˆp/∂pi =
viσi is the group velocity operator along direction i, ω
is the angular frequency of the driving field, and 0+ is
a broadening factor about the pole. The primed (un-
primed) variables denote the quantities of the final (ini-
tial) state. We concentrate only on the longitudinal
(i = j) conductivities as the transverse conductivities
(i 6= j) vanish, leaving only the diagonal tensor terms.
The group velocity expectation values are computed as:
〈p, s|vˆi|p′, s′〉 = viΦ†p,sσiΦp′,s′δk,k′ = viΦ†p,sσiΦp,s′ (5)
where the † superscript denotes the hermitian conjugate.
For the intraband conductivity, we have the general form
σintraii =
ge2vi
6pi2~3vjvk
τ
iωτ − 1
∫ +∞
−∞
∂fD(E)
∂E E
2dE (6)
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FIG. 1. Anisotropic optical response of 3D Dirac semiemtals. (a) Schematic depiction of a 3D Dirac cone banstructure with
anisotropic Fermi velocities in each momentum direction. Longitudinal conductivities of anisotropic 3D DSMs Cd3As2 (b) and
Na3Bi (e) in each direction as a function of angular frequency ω. Due to the extreme anisotropy of the Fermi velocities between
the in-plane (px, py) and out-of-plane (pz) directions in both 3D DSMs, σzz  σxx, σyy. The polar plots in (c), (d), (f), and
(g) show the directional dependence of the optical conductivity σ as a function of angles. For all cases considered here, we
considered 3D DSMs doped to EF = 150 meV at temperature T = 4 K, a scattering time of 450 fs, and a combined spin and
valley degeneracy g = 4. We consider experimentally determined values of the Fermi velocities, as listed in Table I below.
where the inelastic scattering time is τ . The interband
conductivity reads:
σinterii =
ige2viω
3pi2~2vjvk
∫ +∞
0
G(E)E
~2(ω + i0+)2 − 4E2 dE , (7)
where we define the difference between the Fermi-Dirac
distributions between both bands as G(E) = fD(−E) −
fD(E) = sinh(βE)/[cosh(βE) + cosh(βµ)] where β =
1/kBT , kB is the Boltzmann constant, and T is the tem-
perature. We can further cast the integral into a form
more suitable for numerical calculations:
σinterii =
ge2viω
3pi2~2vjvk
{
i
∫ Ec
0
G(E)−G(~ω/2)
~2ω2 − 4E2 EdE
+
pi
8
G(~ω/2)
}
,
(8)
where Ec is the cutoff energy beyond which the band
dispersion is no longer linear. We take this values to be
Ec = 3EF [55] throughout our work, where EF is the Fermi
level. To include interband losses, we make the change
ω → ω+ iτ−1. The total conductivity in the ii-direction
is simply σtotii = σ
inter
ii + σ
intra
ii . In the isotropic limit,
our expressions reduce to the results of previous studies.
Note that while the τ in σintraii and σ
inter
ii are generally dif-
ferent, we choose to use the same value for both as there
are no qualitative changes to the physics we discuss here.
However, one could in principle explicitly derive scatter-
ing terms arising as a result of various mechanisms, such
as electron-phonon scattering, and long- and short-range
impurity scattering.
III. RESULTS
Figure 1 shows the longitudinal conductivity of two re-
cently discovered 3D DSMs Cd3As2 and Na3Bi in each
Cartesian direction i ∈ {x, y, z}. These 3D DSMs pos-
sess a strong Fermi velocity anisotropy between the px-
py and pz directions: vz < vx, vy. Figs. 1(b) and (e)
indicate that the characteristic dependence of the opti-
cal conductivity of 3D Dirac fermions on the frequency
of the incident light, as seen in previous works [55], re-
main invariant with respect to direction. However, the
differences in the magnitude of Re(σii) and Im(σii) as a
function of direction is drastic. The nontrivial difference
in the strength of the optical response in each direction
is further emphasized by the polar plots in Fig. 1(c)-(d),
and (f)-(g), which show the dependence of the magnitude
of the conductivity [57]
σ = σxx cos
2 ϕ sin2 ϑ+ σyy sin
2 ϕ sin2 ϑ+ σzz cos
2 ϑ (9)
on the polarization angles ϑ and ϕ of some arbitrarily ori-
ented driving field with respect to the major axes. Here,
we define σ such that it obeys J = rˆσ|E|, where J is the
current density, E is the driving electric field, and the
unit vector is rˆ ‖ J. As the Re(σii) and Im(σii) share the
same dependence on direction, we only plot the real part.
With reference to Eqs. 6 and 8, we find that the strongly
anisotropic response originates from the following scaling
relation: σii ∝ vi/vjvk where i 6= j 6= k. This implies
that if the Fermi velocities perpendicular to the direc-
tion of polarization are smaller than the Fermi velocity
parallel to the direction of polarization, the optical re-
sponse is enhanced. For DSMs such as those mentioned
4TABLE I. Strong optical anisotropy of 3D Dirac semimetals
Cd3As2 and Na3Bi. The definition of the optical extinction
ratio Λij where i 6= j as defined by Eq. 10. We considered
experimentally measured values of the Fermi velocities [40,
44].
Material vx (m/s) vy (m/s) vz (m/s) Λxy Λyz Λxz
Cd3As2 1.28× 106 1.30× 106 3.27× 105 0.97 15.8 15.3
Na3Bi 4.17× 105 3.63× 105 0.95× 105 1.32 14.6 19.2
above, it is typical that vx ∼ vy, and vz  vx, vy, in-
dicating that for polarization along x or y, the optical
response will be the stongest. This is in agreement with
our results in Fig. 1, which clearly show the strongest
optical response along the direction of the largest Fermi
velocity (along x for Na3Bi and along y for Cd3As2). We
characterize this strong directional dependence through
an optical extinction ratio between an i-directional and
a j-directional linear response Λij = Ji(ω)/Jj(ω) where
Ji(j)(ω) = σii(jj)(ω)E(t) is the magnitude of the i(j)-
directional optical current density when subjected to an
external time-varying electric field E(t), which exhibits
the following universal scaling relation:
Λij =
v2i
v2j
. (10)
This ratio can be can be as large as Λyz ≈ 15.8 for
Cd3As2 and Λxz ≈ 19.2 for Na3Bi. The extinction ra-
tios for other directions and the experimentally measured
values of the Fermi velocities are presented in Table I.
It should be noted that Eq. 10 is independent of the
optical frequency, temperature, Fermi level and defect
scattering effects. Thus, the strong optical anisotropy of
Cd3As2 and Na3Bi is expected to persist broadly over
the frequency windows as long as the optically excited
electrons remained well-described by the 3D Dirac conic
band structure. For Cd3As2, the energy scale of the Dirac
cone reaches  200 meV [58]. This suggests that the
strong optical anisotropy of anisotropic 3D DSMs should
cover over an ultrabroad frequency band from sub-THz
(limited by low energy Fermi velocity renormalization in-
duced by many-body effects [59, 60]) to at least 50 THz.
We now turn our attention to the dielectric function
of anisotropic DSMs. We computed the diagonal (i.e.,
longitudinal) elements of the dielectric tensor from the
conductivity as
ii(ω) = bg,i +
iσtotii (ω)
ω0
(11)
where bg,i is the background dielectric constant along
the i direction, which depends on the plasma frequency
along i ∈ {x, y, z} ωp,i, and the effective background di-
electric constant accounting for the interband transitions
obtained experimentally ∞ . However, as ∞ for 3D
DSMs is typically measured as an isotropic value, we as-
sume the ωp,x = ωp,y = ωp,z = ωp, which we compute
Cd3As240
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FIG. 2. Real part of the dielectric function ii(ω) in each di-
rection for 3D DSMs Cd3As2 (a) and Na3Bi (b). The plasma
frequency in each direction ωp,i correspond to Re[ii(ω)] = 0,
indicated by the horizontal dashes in both panels. The
plots above indicate the vast difference in the dielectric
(Re[ii(ω)] > 1) or metallic (Re[ii(ω)] < 0) response of 3D
DSMs between directions at a given frequency ~ω/EF. Unless
otherwise stated, we consider the same parameters as Fig. 1
as:
~ωp
EF =
√
nee2
m∗∞0
=
√
2rsg
3pi∞
(12)
where ne = gk
3
F/(6pi
2) is the electron density per Weyl
cone, kF is the Fermi wavevector magnitude, m
∗ is the ef-
fective mass, rs = e
2/(4pi0~v¯F) is the fine structure con-
stant calculated using the geometric mean Fermi velocity
v¯F = (vxvyvz)
1/3. We then calculate bg,i by finding the
zeros of the real part of Eq. 11:
bg,i = −Re
[
iσtotii (ωp)
ωp,i0
]
(13)
where σtotii (ωp) is obtained numerically from Eqs. 6 and
8 using a cubic spline. We consider ∞ = 13 [61],
which applies to both Cd3As2 and Na3Bi. These
values yield the following background conductivities:
(bg,x, bg,y, bg,z) ≈ (28.8, 29.7, 1.88) for Cd3As2, and
(bg,x, bg,y, bg,z) ≈ (25.1, 19.0, 1.30) for Na3Bi. By set-
ting vx = vy = vz = 10
6 m/s, we recover the isotropic
value bg ≈ 12.0 presented in [55].
We see from Fig. 2 – which shows the real part of ii(ω)
for Cd3As2 (a) and Na3Bi (b), that when Re(ii) < 0
(Re(ii) > 1), 3D DSMs exhibit metallic (dielectric) re-
sponse – a behavior predicted [55] in isotropically dis-
persing 3D DSMs. However, we find once again that
despite a qualitatively similar response in each direction,
the magnitude in each direction possess the same vi/vjvk
scaling as the conductivity. As a result, the anisotropy
ii/jj is also described by the universal scaling law given
by Eq. 10. As 3D DSMs operating in the metallic regime
can support the surface plasmon-polaritons (SPPs), the
anisotropic dielectric function implies that the incident
field polarization direction could potentially be used to
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FIG. 3. Linear dichroism of 3D DSMs Cd3As2 and Na3Bi. We see from (a) and (b) that there is a large linear dichroism
exhibited in the z-direction (black solid lines) due to the strong out-of-plane Fermi velocity anisotropy in pz. We show in
(c) and (d) that the anisotropy of the aborption coefficient persists over a range of realistic Fermi levels. We find that the
anisotropy ratio of the absorption coefficient, αi/αj ∝ vi/vj . Unless otherwise stated, we consider the same parameters as in
Figs. 1 and 2. We compute the absorption coefficient using Eq. 14. We schematically illustrate in (e) a possible experimental
geometry which could potentially enable the detection of the strong optical anisotropy of 3D DSM thin films. By changing the
polarization of a linearly polarized laser normally incident on the x-z plane of the 3D DSM thin film (since vx exceeds vz by a
significant amount), the strength of the transmitted field detected will change.
tune the field confinement factor and propagation length
of the SPPs. As opposed to isotropic DSMs such as
graphene, this provides an additional degree of freedom
for tuning the strength of light-matter interaction within
3D DSMs, which can potentially be a useful feature for
plasmonic and sensing device applications.
In the above analysis, we have considered an isotropic
value of ∞ which is frequently measured in experiments.
We expect that should the measured value of ∞ be sig-
nificantly different in each direction, the incident light
polarization (with ω appropriately chosen) could tune
not only parameters like the field confinement factor,
but also serve as a switch between dielectric and metal-
lic operation regimes. This arises as the zero-crossing
Re(ii) = 0 occurs at different values of ωp,i for each di-
rection i. Hence anisotropy could additionally as serve a
tuning parameter for the nature of light-matter interac-
tion within 3D DSMs.
We now calculate the absorption coefficient in the i ∈
{x, y, z} Cartesian direction as [62, 63]
αi(ω) =
√
2ω
[√
′ii(ω)2 + 
′′
ii(ω)
2 − ′ii(ω)
]1/2
. (14)
For compactness, we have defined ′ii = Re(ii) and
′′ii = Im(ii) , which we compute using Eq. 11 and
the numerical solution to the anisotropic linear conduc-
tivity σii(ω). Figure 3 shows the strong anisotropy of
αi(ω) manifested as linear dichorism in Cd3As2 (a,c) and
Na3Bi (b,d). In both cases, we find that in the frequency
regimes ω . ωp (metallic region) and ω > 2EF/~ (be-
yond the Pauli-blocked region), the anisotropy in the ab-
sorption coefficient in different directions is the clearest.
In the intermediate frequency regime ωp < ω < 2EF/~,
we see that αi(ω) is strongly quenched since 
′′
ii(ω) ≈ 0.
An inspection of Eq. 14 reveals that the anisotropy ratio
of the absorption coefficient between different directions
scale as αi/αj = vi/vj for all frequencies – less drastic
than the quadratic scaling of σii/σjj and ii/jj . How-
ever, despite the less pronounced anisotropy of the ab-
sorption coefficient, the linear dichroism of 3D DSMs can
still be experimentally detected using the setup which
we schematically illustrate in Fig. 3(e). When the po-
larization of the laser normally incident on the plane of
the 3D DSM thin film with the greatest Fermi velocity
anisotropy is changed, the strength of the transitted fields
should vary by a few times for both Na3Bi and Cd3As2
– an easily detectable difference.
IV. DISCUSSION & CONCLUSION
We have shown, using the Kubo-Greenwood formula,
that when anisotropic Fermi velocities in each direction
are included, the optical response along each direction
varies significantly. While the characteristic optical sig-
natures of 3D Dirac electrons like the σ(ω) ∝ ω scaling is
retained, our results show that the magnitude along each
direction scales as vi/(vjvk). This leads to the following
universal scaling of the optical anisotropy ratio between
the i and j directions: σii/σjj = ii/jj = (vi/vj)
2 – a
6TABLE II. Comparison of the extinction ratios of different
anisotropic optical materials [64–74].
Material Extinction ratio Wavelength Reference
Cd3As2 15.8 Broadband This work
Na3Bi 19.2 Broadband This work
PbS nanowire 2.38 532 nm [64]
Black phosphorus 5 1557 nm [65]
Sb2Se3 16 633 nm [66]
AuSe 3 450 nm [67]
(iBA)2(MA)Pb2I7 1.23 637 nm [68]
1D C4N2H14PbI4 5.5 405 nm [69]
GeSe monolayer 3.4 450 nm [70]
GeSe nanoflakes 3.02 808 nm [72]
ReS2 3.5 532 nm [71]
Bilayer tellurene 2812 365 nm [73]
Antimonene 145 387 nm [74]
value which exceeds 15 times for Cd3As2 and 19 times for
Na3Bi, as shown in Table I. While we find that the qual-
itative trend of ii(ω) remains the same in all directions,
the large anisotropy implies that for plasmonic applica-
tions, the polarization of the incident light can serve as
an additional degree of freedom with which the field con-
finement factor and propagation length of SPPs can be
tuned. In the case where ∞ are different in each direc-
tion, the plasma frequency ωp will acquire a directional
dependence. This implies that at an appropriately chosen
frequency, dielectric (e.g., waveguide modes) or metallic
(SPPs) behavior can dominate depending on the direc-
tion of the incident light, thus opening up a novel device
architecture where both the strength and the nature of
light-matter interaction could be tailored using incident
light polarization. We further remark that linear dichro-
ism of 3D DSMs with Fermi velocities anisotropy is sub-
stantially stronger than many anisotropic optical materi-
als as shown in Table II [64–74]. Although the extinction
ratio is dwarfed by other exceptionally strong anisotropic
optical materials, such as bilayer tellurene [73], and anti-
monene, the broadband linear dichroism of Cd3As2 and
Na3Bi represents a unique strength not found in bilayer
tellurene and antimonene.
In summary, we studied the linear optical response of
topological Dirac semimetal. We found that the optical
conductivity exhibits strong anisotropy with the univer-
sal scaling law, Λij = (vi/vj)
2, independent of temper-
ature, Fermi level and scattering effects, and is broadly
applicable to the sub-THZ to at least 50 THz frequency
window. Recently, the optical properties of topological
semimetals with nodal topology beyond Dirac semimetal,
such as Weyl semimetal [75] and nodal loop semimetal
[76–79], have been extensively studied. We expect this
ever-expanding family of topological semimetals [80], in
which the optical and electronic properties are highly
anisotropic along different crystal directions, to continu-
ally offer interesting platforms for the uncovering of ex-
otic anisotropic optics and optoelectronic phenomenal,
critical for the design of next-generation novel devices.
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